). The Powder River Basin is an asymmetrical structural basin with an axis that trends northwest-southeast ( fig. 1 ) on the western side of the basin. The basin was formed during Late Laramide time by uplift of surrounding areas (including the Bighorn uplift to the west; the Casper arch, Laramie Range, and Hartville uplift to the south; and the Black Hills uplift to the east) and subsequent subsidence within the basin area (Curry, 1971; Perry and Flores, 1994) .
The basin, as defined by this study, is delineated by the contact between the Tertiary Fort Union Formation and the Late Cretaceous Hell Creek, Fox Hills, and Lance Formations, and Pierre Shale, on the northwest, west, south and east sides of the basin. In the north and northeast the basin boundary is defined by the course of the Yellowstone River. The Powder River Basin covers more than 22,000 sq mi (56,980 sq km) in Wyoming and Montana.
The Fort Union Formation is more than 5,200 ft (1,585 m) thick in the deepest part of the basin. This formation is overlain by exposures of the Eocene Wasatch Formation, in the central part of the basin. Fort Union rocks dip an average of 20 to 25 degrees to the east along the western margin of the basin, and dip an average of 2 to 5 degrees to the west along the eastern margin of the basin. The formation consists of sandstone, shale, mudstone, and coal, and is divided into (from top to base) the Tongue River, Lebo Shale, and Tullock Members, based primarily on lithology, thickness, and color. The variations in Fort Union Formation rock types and characteristics are controlled by source material, environments of deposition, and influences on the sediment subsequent to deposition.
Fort Union coal in the Powder River Basin developed from peat accumulations in mires located adjacent to fluvial drainages. Most of the coal formed in thick, discontinuous, pod-like peat mires that were split continually by converging and diverging fluvial channels (Flores, 1986; Fort Union Coal Assessment Team, 1999) . This resulted in a complex relationship of coal beds, indicated by the merging, splitting, and pinching-out of the beds over short distances.
The Gillette coal field is on the eastern edge of the Powder River Basin, Wyoming ( fig. 1 ). The coal field boundary used for this study is very similar to the Gillette coal field area that was defined by USGS geologists in the past (Keefer and Schmidt, 1973; Denson and Keefer, 1974; Fort Union Coal Assessment Team, 1999) and was selected to include areas of active mines and adjacent areas where there is a potential for future coal development. The eastern boundary of the coal field is delineated by the outcrop of WyodakAnderson coal; mapped extent of Wyodak-Anderson clinker; or where that data is not present, the contact of the Wasatch Formation and the Fort Union Formation (Heffern and others, 1993; Heffern and Coates, 1997; Boyd and Ver Ploeg, 1997; Kent and others, 1980; and Coates and Heffern, 2000) . The n boundary is between T. 53 N. and T. 52 N. This boundary is about 5 mi (8 km The Gillette coal field can be divided into northern, middle, and southern parts. West-to-east trending cross-sections, the locations of which are shown in figure 4, show examples of the lateral variations of Tertiary coal in the Gillette coal field (figs. 5, 6, and 7). On all three cross sections the coal beds split to the west and merge into one or more thick beds to the east. In the northern part of the coal field the correlation of coal beds is particularly difficult because there are many splits in the coal and beds are discontinuous where peat in the original coal swamp was eroded by contemporaneous fluvial channels. Coal beds in the middle and southern parts of the coal field are much more laterally continuous.
WYOMING COAL CHARACTERISTICS AND COAL QUALITY
Coal in Wyoming typically ranges in apparent rank from subbituminous to high-volatile A bituminous. The subbituminous coal is Tertiary or Cretaceous in age and occurs in almost all of the coal basins. Almost all bituminous coal is Cretaceous in age, although some deeply buried late Paleocene coal is also bituminous. Generally, older coal beds are higher in apparent rank, but high coal rank is more a factor of depth of burial (greater degree of metamorphism of the peat due to higher geothermal gradient and overlying pressure) than of age. The apparent rank of coal is classified based on its calorific value on a moist, mineral-matter free Btu (mmmfBtu) basis, percent of fixed carbon and volatile matter on a dry, mineral-matter-free basis, and its agglomerating characteristics (Wood and others, 1983 , table 1). According to Wood and others (1983) subbituminous coal ranges from 8,300 to 11,500 mmmfBtu and is non-agglomerating, and bituminous coal ranges from 10,500 to 14,000 mmmfBtu and is commonly agglomerating. The gross calorific values (Btu) of coal produced from various coal fields in Wyoming are shown in Table 1 . According to Glass (2000) coal being mined in the Powder River Basin ranges from about 7,420 to 10,410 Btu and is subbituminous in apparent rank.
Higher rank bituminous coal in Wyoming generally has moisture content less than 15 percent, volatile matter content between 30 and 40 percent, and fixed carbon content greater than 40 percent. The lower rank subbituminous coal has moisture content between 20 and 30 percent and volatile matter and fixed carbon content of about 30 percent (Glass, 2000) .
Ash yield and sulfur content in coal is related to the depositional environment in which the peat accumulated and the volume and type of sediment deposited in the peat. According to Wood and others (1983) , sulfur content and ash yield can be divided into high, medium, and low categories. The values for these categories are shown in table 2. Ash yield and sulfur content of the Paleocene coal mined from the Powder River Basin tends to be low, but ash yield and sulfur content for coal of all ages and throughout the state of Wyoming varies greatly. Sulfur content, ash yield, and trace element content in Cretaceous coal is generally higher than that found in Tertiary coal. These higher values in Cretaceous coal are probably caused by the influx of marine sediment into Cretaceous peat swamps (Flores and others, 1994) . In low sulfur coal the form of sulfur is primarily organic, whereas is the high sulfur coal it is mainly pyritic. Much of the pyritic sulfur can be removed from coal mechanically through cleaning processes. Original analytical data from which these values were calculated consists of proximate and ultimate analyses and trace element analyses from the U.S. Geological Survey COALQUAL database (Bragg and others, 1994) . Table 3 reports a range in Wyodak-Anderson total sulfur content of 0.06 to 2.4 percent with a mean of 0.48 percent, and a range in ash yield of from 2.86 to 25.06 percent with a mean of 6.44 percent. Pounds of SO 2 per million Btu for WyodakAnderson coal ranged from 0.14 to 7.88 with a mean of 1.24 and the gross calorific value of the coal ranged from 3,740 to 9,950 Btu/lb, with a mean of 8,220 Btu/lb
CHARACTERISTICS AND QUALITY OF WYODAK-ANDERSON AND OTHER COAL IN THE GILLETTE COAL FIELD, WYOMING
The Wyodak-Anderson coal zone in the Gillette coal field includes (from upper to lower) the Smith, Swartz, Anderson, Wyodak, Canyon, and Werner coal beds (Ellis and others, 1999) . These beds are in the late Paleocene Tongue River Member of the Fort Union Formation (fig. 3 ). WyodakAnderson coal quality in the Gillette coal field study area (tables 4, 5, and 6) is very similar to that shown for the WyodakAnderson coal throughout the Powder River Basin (table 3) . In the Gillette coal field there were a total of 108 locations from which samples were collected. Non-confidential data point locations in the coal field are shown in figure 8. Tables 5 and 6 , have a much larger range than are reported for the weighted averages, shown in Table 4 . This difference in values indicates that the quality of coal produced can be customized through selective mining of coal beds, and blending of coal to meet individual coal quality standards.
About 305 million short tons of coal were supplied to coal-fired powered power plants in 1999 from coal mines in the Gillette coal field ( fig. 2) Table 7 shows the quality of coal produced from these mines, reported by location of the mines in the northern, middle, and southern parts of the coal field ( fig. 2) . Table 7 . Summary of coal quality and production of coal from mines in the Gillette coal field supplied to coal-fired power plants in (Resource Data International, Inc., 2000 . Coal quality parameters are listed by the location of the mines within the coal field ( fig. 2) . The "combined" category is coal that was supplied to power plants from mines located in different parts of the coal field. Proximate, ultimate, and heat of combustion values are reported on an as-received basis. Btu is British thermal units. Production is reported in millions of short tons (mst) and rounded to one decimal place 
QUALITY OF ECONOMICALLY EXTRACTABLE COAL BEDS ASSESSED IN THE GILLETTE COAL FIELD STUDY
The recent USGS study of economically extractable coal in the Gillette coal field concentrated on five coal units. These units are currently designated, from upper to lower, as the Wyodak rider, Upper Wyodak, Canyon, Lower Wyodak/Werner, and Gates/Kennedy. The Wyodak rider is equivalent to the Smith bed of Kent and others (1980) and the Roland/Badger of Pierce and others (1990) . The Upper Wyodak is the same as the Upper Wyodak of Kent and others (1980) . The Canyon is equivalent to the Canyon of Kent and others (1980) , which is an upper split of the lower Wyodak/Werner. The lower Wyodak/Werner is equivalent to the lower Wyodak of Kent and others (1980) , which includes the Werner of Pierce and others (1990) . The Gates/Kennedy coal is equivalent to the Gates of Kent and others (1980) and the upper Kennedy of Pierce and others (1990) . Glass (2000) contains a fence diagram, modified from several U.S. Geological Survey publications, in which many of the coal bed correlations and bed names used in various parts of the Powder River Basin are clarified. This fence diagram shows the Anderson bed as equivalent to what is called the Upper Wyodak, the Gates coal as being equivalent to the Wall, and the Kennedy coal as equivalent to the Pawnee.
To summarize, the coal units included in the Gillette study area are stratigraphically equivalent to (from uppermost to lowermost) the Roland, Smith, Badger, Wyodak, Anderson, Canyon, Werner, Gates or Wall, and Kennedy or Pawnee coal beds as defined in previous publications. All of these coal beds are subbituminous C in apparent rank. According to data from the recent study and from statistics reported in Glass (2000) , The data set used for this coal quality study of the economically recoverable coal beds in the Gillette coal field included analytical data from published sources (Bragg and others, 1994; Flores and others, 1999) and unpublished confidential data from various sources. The data set is made up of 140 samples for which proximate and ultimate analyses and heat of combustion were run on an as-received basis and 157 samples that were analyzed for content of potentially hazardous trace elements, measured in parts per million on a whole-coal and remnant-moisture basis. A summary of the coal quality data is shown in Tables 8 and 9 . The data set does not include analyses for the Canyon or Gates/Kennedy coal, but Table 8 includes data for the Canyon bed from Glass (2000) . (Tables 8 and 10 ). 
CONCLUSION
Coal in the Powder River Basin, specifically the economically extractable coal in the Gillette coal field, is very desirable for future coal production. The beds are generally thick and relatively close to the surface, making it economic to produce the coal through surface mining operations. The Wyodak-Anderson coal in the Powder River Basin and in the Gillette coal field and five economically extractable beds recently studied also low in total sulfur content and ash yields and have relatively high gross calorific value, compared with coal from most other coal fields in the U.S. (Flores and others, 1999) . Table 10 shows the quality of coal in the recent study compared with the quality of coal in the Wyodak-Anderson coal zone throughout the Powder River Basin and in the Gillette coal field (Ellis and others, 1999) . Wyodak-Anderson coal in the Powder River Basin has relatively low gross calorific value, with a range of 4,580 to 10,560 Btu and a mean of 8,820 Btu. However, the low sulfur content and ash yield for economically extractable coal seams in the Gillette coal field; with a minimum value of 0.13 percent and a mean of 0.46 percent total sulfur and a minimum value of 2.5 percent and a mean of 6.01 percent ash yield (tables 8 and 10); makes it desirable to blend higher quality coal in these coal seams with lower quality coal to meet power plant emissions standards. The Upper Wyodak bed in the recent USGS study is of particular interest for future development, because it is thick, pervasive, and of high quality.
